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Abstract 
A successful approach to improve organic photovoltaic cell performance is the introduction of a thin layer called the 
electron-blocking layer (EBL) at the interface organic material/cathode. Here, the effect of the EBL is discussed 
through the use of different multiheterojunction organic solar cells configurations. It is shown that, whatever the 
configuration used, classical or inverted cells, the EBL allows to significantly improve the solar cells performances. 
The optimum thickness of this layer is, whatever the solar cell configuration, 8-9 nm. Both cell families permit 
achieving high short circuit current through this quite thick insulating layer. This invalidates the justification, 
proposed in the case of classical solar cells, based on Al diffusion into the exciton-blocking layer, since there is no 
metal deposition onto the exciton blocking layer in the case of inverted structure. Different hypothesis explaining the 
high electron current through the 8-9 nm of the large band gap EBL are proposed.  
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1. Introduction 
Organic photovoltaic cells (OPV) attract increasing interest for solar energy conversion. They are based 
on bulk heterojunctions (BHJ) [1] or multilayer heterojunctions. Whatever the OPV family, it is necessary 
to use buffer layers at the interface organic materials/electrodes. Power conversion efficiencies over 5 % 
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can be achieved with multilayer heterojunctions when a layer is present at the interface electron 
acceptor/cathode [2]. This layer has been called exciton blocking layer (EBL) because its band gap is 
substantially larger than those of the organic donor and acceptor, which blocks excitons in the organic 
semiconducting layer far from the cathode avoiding any quenching effect at the interface cathode/organic 
[3]. The present work is devoted to the influence of the EBL on the performances of classical and inverted 
OPV. 
Usually in classical multilayers heterojunctions the anode is ITO while the cathode is aluminium, in 
inverted OPV the ITO is used as cathode and a metal layer as anode. If many works have been dedicated to 
the EBL effect on classical OPV performances, a systematic study of the effect of EBL on inverted OPV 
has not yet been carried out. As a matter of fact, there are many works on inverted OPV based on BHJ but 
not on multiheterojunctions. 
2. Experimental 
The organic donor/acceptor couple used is copper phthalocyanine (CuPc)/fullerene (C60) while the 
EBL is either the bathocuproine (BCP) or the aluminium tris(8-hydroxyquinoline) (Alq3). The electrodes 
are indium tin oxide (ITO) and aluminium covered by suitable buffer layer, which allows using them as 
anode or cathode.  
Buffer layers (BF) are necessary in view of the difficulties in organic optoelectronic devices of the 
charge carrier transport between the organic materials and the electrodes. In the case of the anode/electron 
donor contact, a common solution is to introduce a thin anode buffer layer (ABL), which adjusts the 
electronic behaviour of the adjacent materials. We have shown that an ultra-thin (0.5 nm) Au film and or 
a thin (4 nm) MoO3 film introduced between the anode and the organic material can be used to improve 
the devices performances [4-6] and we have used them as ABL in the OPV studied here. About the 
contact cathode/organic material, OPV with and without EBL have been probed, in order to check the 
EBL influence on the OPV functioning. Therefore the classical OPV was glass/ITO (100 nm)/Au (0.5 
nm)/CuPc (35 nm)/C60(40 nm)/EBL/Al(100 nm), with EBL = Alq3 or BCP or no EBL. The inverted OPV 
was ITO/EBL/ C60 (40 nm)/ CuPc (35 nm)/ MoO3 (4 nm)/ Au (0.5 nm)/ Al (120 nm).  
After chemical cleaning, ITO coated glass substrates were introduced into the vacuum deposition 
apparatus. The CuPc and C60, the Au and EBL, and the Al layers were thermally deposited in a vacuum of 
10-4 Pa. Also a protective coating layer, an amorphous selenium layer, was vacuum evaporated [4]. The 
deposition rate and film thickness were measured in situ with a quartz monitor. 
The electrode was deposited through a mask with 2x10 mm2 active area. Electrical characterization was 
performed in the dark and under 1-sun global AM 1.5 simulated solar illumination.  
3. Results and Discussion 
The J-V characteristics of typical devices under illumination of AM1.5 solar simulation (100 
mW/cm2) are shown in Figure 1, classical OPV, and Figure 2, inverted OPV. It can be seen that the 
photovoltaic performances of the devices using EBL are significantly improved relative to those without 
it.  
A systematic study of the influence of EBL thin film thickness has been done. An example of the 
optimization of the EBL thickness for inverted OPV is given in Table I for BCP. For optimum thickness 
(9 nm), the conversion power efficiency is multiplied by 2.5. Qualitatively similar result has been 
obtained with Alq3. Therefore, for classical and inverted OPV, the optimum EBL film thickness is the 
same whatever the EBL, BCP or Alq3: 8-9 nm. 
The thicknesses of the EBL have been checked by cross section visualization. The cross section of a 
BCP layer is presented in Figure 3. The thickness estimated from this visualization is, in the incertitude 
range of the measurement, around 10 nm, which is in good agreement with the thickness of 9 nm 
measured by the quartz monitor. 
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Fig. 1. J-V characteristics under illumination of AM1.5 solar simulation (100 mW/cm2) for classical cells grown in the same run 
with different EBL: ITO/Au/CuPc/C60/Al (--□--), ITO/Au/CuPc/C60/Alq3/Al (--○--) and ITO/Au/CuPc/C60/BCP/Al (--∆--). 
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Fig. 2. J-V characteristics under illumination of AM1.5 solar simulation (100 mW/cm2) for inverted cells grown in the same run: 
ITO/C60/CuPc/MoO3/Au/Al(--□--), ITO/Alq3/C60/CuPc/MoO3/Au/Al(--○--) and ITO/BCP/C60/CuPc/MoO3/Au/Al (--∆--). 
 
The slopes at the short circuit point and at the open circuit voltage are the inverse values of the shunt 
resistance (Rsh) and the series resistance (Rs) of the equivalent circuit scheme of a solar cell respectively 
[7]. It can be immediately seen from Table 2, in the case of inverted solar cells, that with an EBL between 
the electron acceptor layer and the ITO cathode, the shunt resistances increased, while the series 
resistance decreases. A similar behaviour is observed for classical solar cells, when the EBL is situated 
between the Aluminium cathode and the C60 electron-accepting layer. 
Therefore, not only the presence of an EBL at the interface electron acceptor/cathode improves the 
performance of classical OPV, but also of inverted OPV. The energy band diagrams of classical and 
inverted OPV cells are presented in Figure 4 and 5. The work function of ITO (ΦITO) varies strongly with 
the surface treatment of the ITO film. In case of a treatment by plasma ozone it can reach and even exceed 
4.8-5 eV. After simple soap-water cleaning it is currently accepted that the work function value of the ITO 
anode is about ΦITO = 4.4-4.5 eV [8, 9].  Such value is quite small when ITO is the anode. In the case of 
classical cells, it can be seen that Au induces a good band matching at the interface ITO anode/CuPc 
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(Figure 4). The other interface, electron acceptor/EBL/cathode will be discussed later. In the case of 
inverted cells, the Al layer is the anode, its work function is too small to give ohmic contact, which is 
achieved by introducing a thin gold film at the interface Al/CuPc (Figure 5). It can be seen also, that the 
quite small value of ΦITO after simple soap cleaning, allows using it as possible cathode.  
 
 
 
Fig. 3. Cross-sectional visualization of a BCP buffer layer. 
 
About the effect of the EBL in our OPV cells, it can effectively block the excitons in both cell families. 
In the case of classical OPV cells, it has been proposed also that it can prevent damage to the electron 
acceptor film during cathode deposition, and behaves as optical spacer. If the EBL block the excitons, it 
should not block all charge carriers. However the offset energy of the highest occupied molecular orbital 
(HOMO) of the electron donor (often the fullerene) and the EBL (such as the bathocuproine) is large. 
Moreover, the optimum EBL thickness is 8-9 nm, which is too tick to allow high tunnelling current. So it 
has been suggested that the charge transport in the EBL is due to aluminium diffusion during deposition of 
the cathode [3]. 
About the effect of optical spacer, it should be noted that, because of optical interference between the 
incident (from ITO side) and back-reflected light, the intensity of the light is zero at the metallic electrode. 
Therefore usually the papers devoted to optical spacer use the contact with aluminium, as the "zero point" 
with the logical objective of moving away the absorbing film from this zero point. This optical maximum 
intensity shift could be achieved by introducing a transparent thin film between the aluminium cathode and 
the absorbing layer. In the inverted OPV, the EBL is situated between the ITO anode and the C60.  
 
 
Table 1. Optimization of the EBL thickness in ITO/ BCP/C60/CuPc/MoO3/Au/Al OPV cells. 
 
BCP thickness (nm) Jsc (mA/cm2) Voc (V) FF (%) η (%) 
0 1.45 0.290 40 0.17 
6 1.48 0.337 42 0.21 
9 2.90 0.390 40 0.45 
12 1.65 0.395 41 0.27 
 
 
78   M. Morsli et al. /  Energy Procedia  31 ( 2012 )  74 – 80 
Table 2. Rs and Rsh values for inverted cells. 
 
Cathode Rs(Ω) Rsh (Ω) 
ITO 800 1700 
ITO/Alq3 350 3580 
ITO/BCP 210 4250 
 
 
Fig. 4. Energy band diagrams of a classical OPV cell. 
 
Fig. 5. Energy band diagrams of an inverted OPV cell. 
 
 
Calculations have shown that, when a light is incident on a multilayer structure as an OPV, the electric 
field distribution within the layers is determined by the interference of forward and backward propagation 
waves, which is dependent on the thickness and optical constants of all the thin layers of the device. 
Therefore the introduction of the EBL, even between ITO and C60, can affect the field distribution and thus 
the matching of the absorption with the solar spectrum. 
As stated above, in the case of classical OPV cells, it has been proposed that EBL can protect the 
electron accepting film from atoms diffusion during deposition of the electrode. We have shown by XPS 
profile that some aluminium of the cathode is effectively present in the buffer layer [10]. This aluminium 
could justify the ability of the electrons to cross the insulating buffer layer thick of 9 nm. The Al diffusion 
into the EBL can introduces conducting levels in the EBL band gap and explains the reason why the 
transport of electron is not weakened. Another possibility is that Al diffusion can be in form of Al spikes, 
which would lead to some shorts increasing the EBL conductivity. 
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 However such hypotheses are not acceptable for inverted OPV. In that case the EBL does not protect 
the electron acceptor layer since it is deposited before this layer. About the collection of electrons through 
the insulating layer thickness 8-9 nm, the absence of metal diffusion in the EBL makes it difficult to 
explain the transport of electrons through the insulating EBL. However, as shown Table 2, the EBL does 
not increase Rs, while it increases significantly the shunt resistance. It can be easily understand that the 
EBL increases Rsh, since it is a large band gap material, but the decrease of Rs is more unexpected. Wang 
et al. Have already worked on inverted OPV ITO/Alq3/C60/CuPc/C60:Al [11]. However they have not 
optimised the Alq3 thickness and they used a 2 nm thick Alq3 layer, which allows justifying the electron 
easy collection by tunnel effect through the EBL. But we have shown that the optimum EBL thickness is 
8-9 nm, which excludes simple tunnel effect. Some hypothesis can be proposed. For instance, it can be 
suggested that the charge transport in the EBL is due to damage induced during deposition of the upper 
layers, which can introduce conducting levels below its LUMO and explains the reason why the transport 
of electron is not weakened. Also, in the case of classical OPV cells, using Ru(acac)3 EBL 
(tris(acetlacetonato)ruthenium(III)), it has been proposed that hole can be injected from the cathode into 
the EBL layer, where they are transported prior to recombination with electrons at the EBL/C60 interface 
[3].  
Some others authors have proposed that the largest part of the increase of the photocurrent induced by 
the EBL in classical OPV cells must be due to much more efficient electron transport from C60 into the Al 
cathode via BCP. They say that a blocking contact is formed upon deposition of Al onto C60 and the most 
important function of BCP is consequently to establish an ohmic contact between Al and C60 [12]. Similar 
behaviour can be proposed for ITO/C60.  
4. Conclusions 
Therefore it can be concluded that, whatever the OPV configuration is, the presence of an EBL at the 
interface cathode/electron acceptor layer improve the OPV efficiency by blocking excitons.  A second 
positive effect of the EBL layer is that it is thick enough and sufficiently homogeneous to avoid shorting 
effect that increases Rsh and therefore Voc. However, it remains to understand how the cathode can collect 
electrons through a thick insulating buffer layer of 8-9 nm. Therefore, the EBL role is not completely 
understood and further researches are necessary     
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